
AUTOCATALYTIC LIQUEFACTION OF COAL 

Shaik A. Qader 

JET PROPULSION LABORATORY 
C a l i f o r n i a  I n s t i t u t e  o f  Technology 

4800 Oak Grove D r i v e  
Pasadena, C a l i f o r n i a  91103 

I NTRODllCT I O N  

I n  coa l  l i q u e f a c t i o n ,  conve rs ion  o f  s o l i d  coa l  t o  a l i q u i d  takes p lace  
i n  a s tep-wise manner, e s s e n t i a l l y  i n  two stages. I n  t h e  f i r s t  staqe, 
p y r o l i t i c  break-up o f  t h e  coa l  m a t r i x  t akes  p lace  under m i l d  c o n d i t i o n s  o f  
temperature and p ressu re  a t  s h o r t  r e a c t i o n  t i m e ~ l - ~  y i e l d i n g  a h i g h l y  
v iscous i n t e r m e d i a t e  p roduc t  c o n t a i n i n q  mos t l y  asphaltenes. The i n i t i a l  
p y r o l i t i c  r e a c t i o n  i s  f a s t  and does no t  need any c a t a l y s t .  I n  t h e  second 
staqe, t h e  i n t e r m e d i a t e  p roduc t  underqoes a s e r i e s  o f  c r a c k i n g  and 
hyd roqena t ion  r e a c t i o n s  and i s  conve r ted  t o  a r e f i n e d  o i l .  The second stage 
convers ion r e q u i r e s  r e l a t i v e l y  severe c o n d i t i o n s  o f  temperature and pressure,  
l onger  r e a c t i o n  t imes  and an e f f e c t i v e  c a t a l y s t ,  

under development, conve rs ion  o f  coa l  t o  t h e  l i q u i d  product  t akes  p lace  i n  a 
s i n q l e  s t e p  operat ion.  Coal l i q u e f a c t i o n  and upqrading o f  t h e  l i q u e f i e d  coal 
t a k e  p lace  under t h e  same c o n d i t i o n s  and i n  t h e  same reac to r .  But i t  i s  
advantageous t o  c a r r y  out  coa l  l i q u e f a c t i o n  i n  two separate s teps because 
each s tep can be c a r r i e d  o u t  under  c o n d i t i o n s  op t ima l  f o r  it. The two-s tep  
approach was used i n  some o f  t h e  German p l a n t s 8  where coa l  paste was 
hydrogenated i n  t h e  f i r s t  s t e p  and t h e  m idd le  o i l  f r a c t i o n  o f  t h e  product  was 
hydrocracked t o  g a s o l i n e  i n  a second step.  
t h e  C o n s o l i d a t i o n  Coal Company was a l s o  c a r r i e d  ou t  i n  two separate s teps.  
I n  the  f i r s t  step, a coal  e x t r a c t  was produced which was subsequent ly  
hydrocracked i n  a second s tep  t o  g a s o l i n e  u s i n g  mol ten z i n c  c h l o r i d e  as t h e  
c a t a l y s t .  
i s  be ing developed under t h e  j o i n t  sponsorship o f  t h e  U.S. Department o f  
Enerqy, The Lummus Company and C i t i e s  S e r v i c e  Research and Development Company 
f o r  t he  p r o d u c t i o n  o f  d i s t i l l a t e  o i l  f r om coal .  I n  t h i s  process, coa l  
undergoes l i q u e f a c t i o n  a t  s h o r t  r e a c t i o n  t imes  i n  t h e  f i r s t  s tep  and t h e  
l i q u e f i e d  c o a l ,  a f t e r  removal o f  t h e  s o l i d s ,  undergoes c a t a l y t i c  hyd roc rack inq  
i n  t h e  second step. The h y d r o c r a c k i n q  takes p lace  i n  an expanded bed r e a c t o r  
u s i n g  a commercial nickel-molybdenum c a t a l y s t .  It was c la imed t h a t  t h e  
two-step o p e r a t i o n  i nc reases  l i q u i d  product  y i e l d  and improves hydrogen 
u t i l i z a t i o n  e f f i c i e n c y .  T h i s  paper desc r ibes  t h e  development o f  t h e  
A u t o c a t a l y t i c  Coal L i q u e f a c t i o n  process which a l s o  operates i n  two steps. I n  
t h e  f i r s t  s tep,  coal  underqoes l i q u e f a c t i o n  a t  s h o r t  r e a c t i o n  t imes  and t h e  
l i q u e f i e d  coal  undergoes c a t a l y t i c  hyd roc rack ing  i n  t h e  presence o f  a coal  
d e r i v e d  m ine ra l  c a t a l y s t  i n  t h e  second step. 

EXPERIMENTAL 

I n  most o f  t h e  coal l i q u e f a c t i o n  processes (SRC5, Ens6, H-Coal7) 

The CSF process9 developed by 

A t  t h e  present  t ime ,  a two-step l i q u e f a c t i o n  processlO.ll 

A b i tuminous coal  b lend  made o u t  o f  Kentucky No. 6 and No. 11 c o a l s  was 
used i n  t h e  Shor t  Reac t ion  Time (SRT) l i q u e f a c t i o n  experiments. 
of t h e  blended coal i s  g i ven  i n  Tab le  1. A d i s t i l l a t e  coal  l i q u i d  produced 

The a n a l y s i s  
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from t h e  blended coal  a t  t h e  W i l s o n v i l l e  coal  l i q u e f a c t i o n  p i l o t  p l a n t  was 
used as t h e  s o l v e n t  i n  t h e  SRT l i q u e f a c t i o n  experiments. 
s o l v e n t  i s  g iven i n  Table 2. The hydrogen con ten t  o f  8.18 percent  and a H/C 
(a tomic )  r a t i o  o f  1.12 i n d i c a t e  t h a t  t h e  s o l v e n t  con ta ins  a f a i r l y  h i g h  
concen t ra t i on  o f  hydroaromat ics.  The SRT l i q u e f i e d  coa l  used as the  feed i n  
t h e  hyd roc rack ing  exper iments was prepared i n  a ba tch  s t i r r e d  au toc lave  f rom 
t h e  blended coal u s i n g  t h e  W i l s o n v i l l e  so l ven t  a t  45OoC, 2500 p s i  and 10 
minutes r e a c t i o n  t ime. The a n a l y s i s  o f  t h e  SRT l i q u e f i e d  coal  i s  
g i ven  i n  Table 3. It con ta ins  about 68 percent  s o l v e n t  and 7.3 percent  
s o l i d s .  The coal m ine ra l  c a t a l y s t s  used i n  t h i s  work were a l s o  produced a t  
t h e  W i l s o n v i l l e  p i l o t  p l a n t  by f i l t r a t i o n  and Kerr-McGee deashing processes. 
The raw c a t a l y s t s  were c leaned by hydrot reatment  i n  t h e  presence o f  t h e  
W i l s o n v i l l e  so l ven t  under hydroqen p ressu re  i n  an autoc lave,  washed w i t h  THF 
and ground t o  -200 mesh b e f o r e  use. The a n a l y s i s  o f  t h e  c a t a l y s t s  i s  g i v e n  
i n  Table 4. 
of t h e  ash. The blended coa l ,  so l ven t ,  and coal  m ine ra l  c a t a l y s t s  were 
ob ta ined  from t h e  Southern Company Serv ices,  Inc., Birmingham, Alabama. 

o u t  i n  a batch s t i r r e d  au toc lave  assembly shown i n  F i g u r e  1. The magnedrive 
au toc lave  was supp l i ed  by t h e  Au toc lave  Engineers, E r i e ,  Pennsylvania. Two 
h igh  pressure feeders were added t o  t h e  au toc lave  t o  feed  coal  s l u r r y  i n t o  
t h e  h o t  autoc lave.  The au toc lave  was f l u s h e d  k i t h  n i t r o g e n ,  p ressu r i zed  w i t h  
hydrogen and heated t o  about 550OC. I n  t h e  SRT l i q u e f a c t i o n  experiments, 
about 100 grams o f  coal  was mixed w i t h  about  200 grams o f  t h e  so l ven t  and t h e  
c a t a l y s t .  The s l u r r y  was then fed  t o  t h e  ho t  au toc lave  th rough  t h e  feeders. 
I n  t h e  hyd roc rack ing  experiments, t h e  l i q u e f i e d  coal was mixed w i t h  t h e  coa l  
m ine ra l  c a t a l y s t  and t h e  s l u r r y  was f e d  t o  t h e  hot  autoc lave.  A f t e r  t h e  feed  
was fed t o  t h e  autoc lave,  t h e  temperature and p ressu re  o f  t h e  au toc lave  were 
ad jus ted  t o  t h e  d e s i r e d  r e a c t i o n  c o n d i t i o n s .  React ion was c a r r i e d  out  f o r  a 
predetermined l e n g t h  o f  t ime,  t h e  con ten ts  o f  t h e  au toc lave  were cooled and 
t h e  products  were withdrawn. The s o l i d s  were separated from t h e  l i q u i d  
product  by h i g h  p ressu re  f i l t r a t i o n .  The analyses o f  gas, l i q u i d  and s o l i d  
p roduc ts  were done by s tandard methods. The f o l l o w i n g  d e f i n i t i o n s  a r e  used 
i n  t h i s  paper. 

The a n a l y s i s  of t h e  

The p y r r h o t i t e  con ten t  was c a l c u l a t e d  f rom t h e  Fez03 content  

The SRT coal  l i q u e f a c t i o n  and t h e  hyd roc rack ing  exper iments were c a r r i e d  

Preasphal tene:  product  s o l u b l e  i n  THF b u t  i n s o l u b l e  i n  benzene 
Asphaltene: product  s o l u b l e  i n  benzene h u t  i n s o l u b l e  i n  

Residue: product  i n s o l u b l e  i n  THF 
hexane 

RESULTS AND D I S C U S S I O N  

Coal L i q u e f a c t i o n  

Conversion o f  coal  t o  s o l u b l e  l i q u i d  products  takes p lace  a t  moderate 
temperatures and s h o r t  r e a c t i o n  t imes  i n  t h e  presence o f  a hydrogen donor 
s o l v e n t  and mo lecu la r  hydrogen. Under m i l d  c o n d i t i o n s ,  t h e  coal  m a t r i x  
undergoes thermal  break-up and form r e a c t i v e  fragments which e x t r a c t  hydrogen 
and become s t a b l e  compounds. The op t ima l  convers ion o f  coa l  t o  s t a b l e  
compounds depends upon t h e  temperature,  r e a c t i o n  t ime ,  hydrogen pressure,  
so l ven t  q u a l i t y  and c a t a l y s t .  I n  t h e  present  work, t h e  i n f l u e n c e  o f  
temperature,  pressure,  r e a c t i o n  t i m e  and c a t a l y s t  on coal  l i q u e f a c t i o n  was 
i n v e s t i g a t e d  i n  t h e  presence o f  a coal  d e r i v e d  so l ven t .  
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The e f f e c t  o f  temperature i s  shown i n  F i q u r e  2. The t o t a l  convers ion of 
coal i nc reased  f rom 69-91 pe rcen t  when t h e  tempera tu re  increased from 
430-460'C a t  t e n  minutes r e a c t i o n  t ime. A s  can be expected, t h e  y i e l d  o f  qas 
has i nc reased  and t h e  res idue  decreased w i t h  t o t a l  conversion. But t h e  
l i q u i d  p roduc t  y i e l d  peaked a t  450°C and showed a d e c l i n i n g  t r e n d  as t h e  
temperature increased t o  460°C. The da ta  o f  F i g u r e  2 t h e r e f o r e  suggest t h a t  
a temperature of 45OOC i s  op t ima l  f o r  o b t a i n i n g  maximum l i q u i d  product  a t  a 
s h o r t  r e a c t i o n  t i m e  of t e n  m inu tes  and a p ressu re  o f  2500 p s i .  The l i q u i d  
product  y i e l d  under these c o n d i t i o n s  was 71 pe rcen t  o f  t h e  da f  coal. 

The e f f e c t  o f  r e a c t i o n  time and c a t a l y s t  on convers ion i s  shown i n  
F igu re  3. The coa l  convers ion i nc reased  w i t h  r e a c t i o n  t i m e  i n  a l l  cases. I n  
t h e  n o n c a t a l y t i c  case, conve rs ion  i nc reased  f a s t e r  i n  t h e  f i r s t  seven minutes 
b u t  slowed down a t  l onger  t imes. But i n  c a t a l y t i c  convers ion,  t h e r e  was a 
steady i nc rease  i n  convers ion  w i t h  r e a c t i o n  t ime.  The data o f  F i g u r e  3 show 
t h a t  t h e  a d d i t i o n  o f  c a t a l y s t  improved t h e  convers ion  bu t  t h e  improvement was 
n o t  very s i g n i f i c a n t  up t o  t e n  minutes r e a c t i o n  t ime.  Even a t  longer  t imes ,  
t h e  improvement i n  convers ion d i d  not  exceed 5 percent .  It can t h e r e f o r e  be 
i n f e r r e d  f rom t h e  data t h a t  t h e  a d d i t i o n  o f  coa l  m ine ra l  c a t a l y s t  does no t  
improve coa l  convers ion t o  any s i g n i f i c a n t  e x t e n t  d u r i n g  t h e  i n i t i a l  
depo lymer i za t i on  o f  coa l  t o  s o l u b l e  p roduc ts  a t  s h o r t  r e a c t i o n  t imes. 

F igu re  4. The coa l  conve rs ion  i nc reased  w i t h  ,both pressure and r e a c t i o n  
t ime.  The e f f e c t  o f  pressure on convers ion  was no t  s i g n i f i c a n t ,  e s p e c i a l l y  
between 2500-2800 p s i  and a p ressu re  o f  2500 p s i  appears t o  be op t ima l  f o r  
t h i s  step. 
increased f r o m  2100-2500 p s i  and o n l y  by about 2 pe rcen t  when t h e  p ressu re  
increased f rom 2500-2800 p s i .  

t imes  revea led  t h a t  t h e  product  becomes more r e a c t i v e  when t h e  r e a c t i o n  t i m e  
exceeds seven minutes. The l i q u e f i e d  coa l  p roduc ts  ob ta ined  a t  3, 7 and 12 
minutes r e a c t i o n  t ime  were sub jec ted  t o  a u t o c a t a l y t i c  hyd roc rack ing  t o  f i n d  
ou t  t h e i r  r e a c t i v i t i e s .  The data o f  Table 5 show t h a t  t h e  convers ion o f  
hexane i n s o l u b l e s  (preasphal tene and aspha l tene )  and removal o f  s u l f u r  and 
n i t r o g e n  inc reased  i n  t h e  o r d e r  12 m inu te  l i q u i d  >7 m inu te  l i q u i d  >3 m inu te  
l i q u i d .  The inc rease  i n  t h e  convers ion  o f  t h e  7 m inu te  l i q u i d  over  t h e  3 
m inu te  l i q u i d  was smal l  bu t  t h e  convers ion  o f  t h e  12 minu te  l i q u i d  showed a 
l a r g e  i nc rease  over  t h e  7 minu te  l i q u i d  which i n d i c a t e s  t h a t  t h e  r e a c t i v i t y  
of t h e  l i q u e f i e d  coal  i nc reases  w i t h  t h e  r e a c t i o n  t i m e  o f  l i q u e f a c t i o n  and 
t h e  l i q u i d  becomes more amenable t o  t h e  a c t i o n  o f  t h e  c a t a l y s t .  

It i s  concluded from t h e  f o r e g o i n g  d i s c u s s i o n  t h a t  t h e  i n i t i a l  coal 
l i q u e f a c t i o n  s tep  i s  f as t  and does no t  need any e x t e r n a l  c a t a l y s t .  The 
r e a c t i v i t y  of t h e  l i q u e f i e d  coal  i nc reases  w i t h  l i q u e f a c t i o n  t i m e  and t h e  
products  ob ta ined  a t  r e a c t i o n  t imes  o f  12 minutes o r  l onger  w i l l  be amenable 
t o  t h e  a c t i o n  o f  t h e  coal  m ine ra l  c a t a l y s t .  

The e f f e c t  o f  p ressu re  and r e a c t i o n  t i m e  on convers ion  i s  shown i n  

The convers ion improved by 6-7 pe rcen t  when t h e  p ressu re  

An examinat ion of t h e  l i q u i d  p roduc ts  ob ta ined  a t  d i f f e r e n t  r e a c t i o n  

Hydroc rack ing  o f  L i q u e f i e d  Coal 

The s h o r t  r e a c t i o n  t ime  (SRT) l i q u e f i e d  coal  (Table 3)  was hydrocracked 

The y i e l d  

a t  460°C, 2500 p s i  and 30 minutes r e a c t i o n  t i m e  w i t h  d i f f e r e n t  concen t ra t i ons  
o f  t h e  coal m ine ra l  c a t a l y s t .  The e f f e c t  o f  c a t a l y s t  c o n c e n t r a t i o n  on t h e  
y i e l d  of l i q u i d ,  s o l i d  and gaseous p roduc ts  i s  shown i n  F i g u r e  5. 
of l i q u i d  p roduc t  decreased f rom 75 t o  70 pe rcen t  w i t h  an i nc rease  i n  t h e  
c a t a l y s t  c o n c e n t r a t i o n  which i n d i c a t e s  t h a t  t h e  hyd roc rack ing  o f  SRT 
l i q u e f i e d  coa l  increases w i t h  c a t a l y s t  concen t ra t i on .  The gradual decrease 
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i n  t h e  y i e l d  o f  s o l i d  product  i n d i c a t e s  t h a t  some o f  t h e  i n s o l u b l e  o rgan ic  
m a t t e r  present  i n  t h e  feed  undergoes convers ion  d u r i n g  hydrocrack ing.  I t 
a l s o  i n d i c a t e s  t h a t  coke f o r m a t i o n  does no t  t a k e  p l a c e  d u r i n g  hyd roc rack ing  
under t h e  exper imenta l  c o n d i t i o n s  used. The inc rease  i n  gas y i e l d  appears t o  
be due t o  the  i nc rease  i n  t h e  hyd roc rack ing  convers ion  o f  t h e  l i q u e f i e d  
coa l .  

The q u a l i t y  o f  t h e  l i q u i d  product  improved w i t h  an i nc rease  i n  t h e  
concen t ra t i on  o f  t h e  coal  m ine ra l  c a t a l y s t  as shown i n  F i g u r e  6. The hexane 
i n s o l u b l e s  (preasphal tenes and aspha l tenes ) ,  s u l f u r  and n i t r o g e n  con ten ts  o f  
t h e  product  decreased, r e s u l t i n g  i n  t h e  p r o d u c t i o n  o f  a good q u a l i t y  p roduc t ,  
e s p e c i a l l y  a t  a c a t a l y s t  c o n c e n t r a t i o n  o f  25 percent .  The p r o p e r t i e s  o f  t h e  
l i q u i d  product  g i ven  i n  Table 6 show t h a t  more t h a n  90 percent  i s  d i s t i l l a b l e  
and i t  con ta ins  s u b s t a n t i a l  q u a n t i t i e s  of l i q h t  and m idd le  o i l s .  

It i s  concluded f rom t h e  hyd roc rack ing  da ta  t h a t  t h e  SRT l i q u e f i e d  c o a l  
can be hydrocracked t o  a r e f i n e d  d i s t i l l a t e  o i l  u s i n g  h i g h  concen t ra t i ons  o f  
t h e  minera l  res idue  as t h e  c a t a l y s t .  
i n s o l u h l e s  a1 so undergo convers ion d u r i n g  hydrocrack ing.  

A u t o c a t a l y t i c  L i q u e f a c t i o n  Process 

JPL A u t o c a t a l y t i c  Coal L i q u e f a c t i o n  process shown i n  F igu res  7 and 8. The 
process has two bas i c  s teps as shown i n  F i g u r e  7. I n  t h e  f i r s t  step, coa l  
undergoes l i q u e f a c t i o n  under h i g h  temperatures and pressures a t  s h o r t  
r e a c t i o n  t imes. I n  t h e  second step,  t h e  p roduc t  o f  t h e  f i r s t  s tep which 
con ta ins  l i q u e f i e d  coa l ,  unconverted coa l  and coal  m i n e r a l s  undergoes 
hyd roc rack ing  i n  t h e  presence o f  a coa l  m ine ra l  c a t a l y s t  i n  h i g h  
concen t ra t i ons  o f  about 25 percent  p roduc ing  a r e f i n e d  d i s t i l l a b l e  product .  

Table 7 shows t h a t  t h e  process produces a d i s t i l l a t e  p roduc t  i n  a y i e l d  o f  67 
percent  a t  a hydrogen consumption o f  4.5 percent .  Based on t h e  bench s c a l e  
data,  a conceptual f l o w  diagram of t h e  process was developed as shown i n  
F i q u r e  8. I n  t h i s  process scheme, p a r t  of t h e  f i l t e r  cake (m ine ra l  c a t a l y s t )  
i s  recyc led  t o  t h e  hyd roc racke r  and t h e  s o l i d s  a r e  separated from t h e  p roduc t  
by f i l t r a t i o n .  The process produces a low v i s c o s i t y  l i g h t e r  product  which 
f i l t e r s  e a s i l y .  The hydrogen f o r  t h e  prncess i s  produced by t h e  r e f o r m i n g  
o f  a m ix tu re  o f  coal  qas produced i n  t h e  process and n a t u r a l  qas obta ined 
f rom an e x t e r n a l  source. 

More than  50 pe rcen t  o f  t h e  o rgan ic  

The work descr ibed i n  t h e  f o r e q o i n g  s e c t i o n s  l e d  t o  t h e  e v o l u t i o n  o f  t h e  

The m a t e r i a l  ba lance o f  t h e  a u t o c a t a l y t i c  l i q u e f a c t i o n  process g i ven  i n  
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Tab le  1. COAL ANALYSIS 

BITUMINOUS 
(KENTUCKY #6 AND a l l )  

PROXIMATE ANALYSIS, WT.% 
(Dry B a s i s 1  

V o l a t i  1 es 
F i x e d  Carbon 
Ash 

ULTIMATE ANALYSIS, WT.% 
(Dry Bas is )  

Carbon 
Hydrogen 
N i t rogen  
S u l f u r  
Oxygen (By d i f f e rence )  : 
Ash 
H/c (Atomic)  
s i z e  

46.43 
44.17 

9.40 

73.44 
5.30 
1.21 
3.35 
7.30 
9.40 
0.87 

70%,- 200 Mesh 

1 2 4  



T a b l e  2. ANALYSIS OF SOLVENT 

Sp. gr., 25°C 

DISTILLATION DATA, ' C X  

I .R.P. 
50% R.P. 
90% R.P. 
E.B.P. 
Preasphal tene,  W t .  % 
Asphaltene, Wt.% 

ELEMENTAL ANALYSIS, WT.% 

Carbon 
Hydrogen 
N i t rogen  
S u l f u r  
Oxygen ( B y  d i f f e r e n c e )  
H / c  (a tom ic )  

1.040 

130 
300 
4 00 
430 

11.0 
17.0 

87.80 
8.18 
1.02 
0.48 
2.52 
1.12 

T a b l e  3. ANALYSIS OF SHORT REACTION TIME (SRT) L IQUEFIED COAL 

RAW FEED 

T o t a l  So l i ds ,  W t . %  
(THF i n s o l u b l e s )  
So lven t ,  W t . %  
L i q u e f i e d  Coal, W t . %  

FILTERED FEED 

V i s c o s i t y ,  Cps a t  150°C 
Preasphaltene, Wt.% 
Asphaltene, W t . %  
S u l f u r ,  W t . %  
N i t rogen ,  W t . %  
Carbon, W t . %  
Hydrogen, W t . %  
Oxygen, W t . %  (By d i f f e r e n c e )  
tilC (a tomic)  

7.3 

67.7 
25.0 

31 n 
21.0 
20.0 

0.91 
1.20 

87.1 
7.71 
4.23 
1.06 
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T a b l e  4. ANALYSIS OF CATALYSTS 

MINERAL RESIDUE 
FILTER CAKE ASH CONCENTRATE 

T o t a l  S o l i d s ,  W t . %  
(THF i n s o l u b l e s )  
Ash, W t . %  
Carbon, W t . %  
Hydrogen, W t . %  
S u l f u r ,  Wt.X 
N i t r o g e n ,  W t . %  
Oxygen W t . %  
(By  c a l c u l a t i o n )  
H/c ( a t o m i c )  
P y r r h o t i t e ,  W t . %  
S i z e  

100.0 

79.14 
10.50 
0.61 
0.54 
0.20 
11 

0.70 

-200 mesh 
30.9 

100.0 

-200 mesh 

TABLE 5. AUTOCATALYTIC HYDROCRACKING OF SRT LIQUEFIED COAL OBTAINED AT 
DIFFERENT REACTION TIMES 

Temperature 460°C 
R e a c t i o n  Time : 20 min. 
Pressure  2500 p s i  
C a t a l y s t  25% W t .  

Feed 

3 min. Coal l i q u i d  7 min. Coal l i q u i d  12 min. Coal l i q u i d  

Conversion o f  Hexane 
I n s o l u h l e s ,  W t . %  8.5 

S u l f u r  removal, W t . %  12.0 
N i t r o g e n  removal, W t . %  7.4 

11.5 
14.5 
10.2 

47.0 
39.5 
25.6 

126 



\ \ 

I 

1 

'i 

I 

1 

\ 

\ 
I 

i 

TABLE 6. 

TABLE 7. 

PROPERTIES OF COAL LIQUID PRODUCED BY SHORT REACTION TIME 
AUTOCATALYTIC COAL LIQUEFACTION 

Sp. gr.  a t  25°C : 1.05 

D i s t i l l a t e  Data, "C 

I.B.P. 65 
509, B.P. 315 
90% B.P. 425 

Elemental  A n a l y s i s ,  W t . %  

Carbon 86.80 
Hydrogen 9.63 
F l i t  rogen 0.92 
S u l f u r  0.31 

d i f f e r e n c e )  : 2.34 
H/C (Atomic)  1.33 
Hexane I n s o l u b l e s ,  

wt.9, 7.8 

Oxygen (BY 

NORMALIZED MATERIAL BALANCE OF SRT AUTOCATALYTIC LIQUEFACTION OF 
COAL (DRY COAL BASIS). 

INPUT, p 

Coa 1 100.0 
So l  ven t  200.0 
Hydrogen 
Cat a 1 y s t 
T o t a l  

4.5 
79.0 
383.5 

OUTPUT, g 

Gas 17.0 
( i n c l u d e s  H2S 
and NH3) 
Water 4.8 

So l  ven t  200.0 
Residue 94.7 

Coal L i q u i d  67.0 
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